shows V TH and Dit in the case of thick (5.7 nm) SiO 2 films under alternate NBT and PBT stress. Note that V TH shift after NBT stress is recovered by applying PBT stress. In addition, the recovery after 2nd PBT stress is smaller than that after 1st PBT stress. On the other hand, Dit increases by NBT stress, but there is no change in Dit during PBT stress. This result suggests that V TH shift under NBT stress contains the reversible process, and that interface-state generation under NBT stress is irreversible process.
The recovery of V TH depends on the applying positive bias. Fig. 3 shows the recovery ratio of V TH in the case of thick SiO 2 films as a function of PBT stress time. The recovery ratio is estimated as the ratio of V TH under NBT stress (V TH_NBT ) for 5120 sec at V G =-4.2V to that under PBT stress (∆V TH + ). From this experimental result, it is suggested that the strength of positive bias plays an important role for the reversible process of V TH . 
and generated interface-state density (Dit) under alternate NBT and PBT stress. Oxide thickness is 2.3 nm. Note that the recovery of ∆V TH is observed under PBT stress, though there is no change in Dit during PBT stress. Furthermore, it is found that Dit monotonically increases in spite of NBT and PBT stress. On the basis of the experimental results, the reversible and irreversible process of NBT degradation is discussed. From the result that the recovery of V TH strongly depends on V G of PBT stress, charged species relate to the reversible process in V TH shift. On the other hand, ionic hydrogen-related species, i.e. H + , H 3 O + and so on, probably have no relation to the recovery of V TH , because no change in Dit during PBT stress was observed. Therefore, it is inferred that the capture and release of holes due to applying V G cause to the reversible process in V TH shift. In the case of thick SiO 2 films, it is confirmed that the gate leakage current is less than 100 pA. This means that holes and electrons cannot tunnel through SiO 2 films. Therefore, holes from the inversion layer are captured in the gate oxide, while the interface-states are generated by inversion holes as schematically shown in Fig. 5 (a) . These captured holes are released, when the reverse positive bias is applied. Thus, it is inferred that the recovery of V TH is observed. On the other hand, in the case of thin SiO 2 films, holes directly tunnel through SiO 2 films. Electrons also tunnel from N-well under applying positive gate voltage as shown in Fig.  5 (b) . It is inferred that these electrons generate defects in SiO 2 films, and holes from the valence band of the gate electrode are captured at these defects. Therefore, V TH also shifts under PBT stress.
Finally, the case of thin SiON films is shown in Fig. 6 . It should be noted that the recovery of V TH shift is clearly observed in spite of the same thickness with the case of thin SiO 2 films shown in Fig. 4 . This experimental result suggests that ,in the case of SiON films, the nitrogen-related hole capturing enhances V TH shift under NBT stress, which may become a fatal issue for CMOS technologies. ible V TH shift is observed not only in the case of thick SiO 2 but also thin SiON. It was also found that the recovery of V TH strongly depends on the applying reverse positive bias, and that no significant change of Dit under PBT stress is observed. On the other hand, in the case of thin SiO 2 films, V TH and Dit monotonically increase even under PBT stress. From these results, it was suggested that nitrogen-related hole capturing enhances V TH degradation in the case of SiON films.
